Introduction
============

Colorectal cancer is a malignant tumor of the digestive tract derived from mucous epithelium, including colon cancer and rectal cancer ([@b1-ol-0-0-9798]). With the changes in dietary structure and living habits, the incidence rate of colorectal cancer ranks 3rd following lung cancer and breast cancer, and its mortality rate shows a gradual increasing trend ([@b2-ol-0-0-9798]). The 5-year survival rate of early colorectal cancer can be up to 90%, so the early diagnosis and treatment is extremely important ([@b3-ol-0-0-9798]). Radical surgery dominates the treatment of early colorectal cancer, supplemented by chemotherapy. Patients who can tolerate surgery with middle-advanced cancer and surgical indications should undergo radical surgery. Good efficacy has been obtained in most patients who have received radical surgery for colorectal cancer ([@b4-ol-0-0-9798]). However, radical surgery for colorectal cancer is difficult, and the patient\'s immunity is low, so postoperative infection occurs easily ([@b5-ol-0-0-9798]). The risk of infection is increased due to the decline in the patient\'s defense after surgery, and incision, pulmonary and abdominal infections often occur after exogenous or endogenous surgical site infection ([@b6-ol-0-0-9798]).

Interleukin-4 (IL-4) and IL-10 can activate and regulate immune cells, and mediate the activation, proliferation and differentiation of T and B cells, which play an important role in inflammatory and immune responses ([@b7-ol-0-0-9798]). Adiponectin (APN) is an insulin-sensitizing hormone, its level can predict the development of inflammation and it has displayed anti-inflammatory potential in clinical tests ([@b8-ol-0-0-9798]). Studies have demonstrated that inflammation is involved in the occurrence and development of postoperative infection, and there are significant changes in the levels of serum IL-4, IL-10 and APN, which can evaluate the postoperative infection and serve as indexes for the clinical auxiliary diagnosis of postoperative infection of malignant tumor ([@b9-ol-0-0-9798]). Currently, the correlation of changes in serum IL-4, IL-10 and APN levels with postoperative infection of colorectal cancer are rarely reported. In this experiment, the data of patients with infection after radical surgery for colorectal cancer were retrospectively analyzed, the levels of serum IL-4, IL-10 and APN were compared in patients with postoperative infection of colorectal cancer and pulmonary infection, and their correlation with the stage of colorectal cancer in patients with postoperative infection were analyzed and explored, so as to provide references for the clinical nursing and treatment after radical surgery for colorectal cancer.

Patients and methods
====================

### Data of patients

The clinical data of 159 patients receiving radical surgery for colorectal cancer in Xiangyang No. 1 People\'s Hospital, Hubei University of Medicine (Xiangyang, China) from January 2014 to December 2017 were retrospectively analyzed. A total of 67 patients with postoperative infection were enrolled into the infection group, including 39 males and 28 females aged 22--76 years with an average age of 42.38±6.94 years, while the remaining 92 patients without infection were enrolled into the non-infection group, including 54 males and 38 females aged 19--71 years with an average age of 39.24±5.31 years. To ensure the accuracy and reliability of experimental results, clinical data of patients were compared between the two groups, and there were no significant differences (P\>0.05), proving that they were comparable between the two groups. Basic data of patients are shown in [Table I](#tI-ol-0-0-9798){ref-type="table"}.

### Exclusion and inclusion criteria

Inclusion criteria: patients whose examination results of pathological section were in line with the manifestations of colorectal cancer, patients aged above 18 years, patients who were not treated in other hospitals, and patients who underwent radical surgery for colorectal cancer in Xiangyang No. 1 People\'s Hospital Affiliated to Hubei University of Medicine. Exclusion criteria: patients who did not cooperate in related diagnosis and treatment, pregnant or lactating patients, patients with other diseases that may be related to such cytokine expression and changes, patients with genetic diseases, patients with tumors other than colorectal cancer, or patients with communication disorders or cognitive disorders. The subjects or their families signed the informed consent and cooperated with medical workers in related diagnosis and treatment.

This study was approved by the Ethics Committee of Xiangyang No. 1 Peoples Hospital, Hubei University of Medicine (Xiangyang, China).

### Methods

After 4 ml fasting peripheral venous blood was drawn from all patients in the early morning before surgery and at day 3 after surgery, the serum was isolated via centrifugation at 2,000 × g for 15 min at 4°C (Beckman Coulter, Inc., Brea, CA, USA) and stored in a cryogenic refrigerator (Thermo Fisher Scientific, Inc., Waltham, MA, USA) at −20°C. The levels of serum IL-4, IL-10 and APN in both groups were detected via enzyme-linked immunosorbent assay (ELISA) in strict accordance with instructions of the human IL-4 and IL-10 ELISA kits (Shanghai Kanglang Biological Technology Co., Ltd., Shanghai, China) and human APN ELISA kit (Shanghai MLbio Co., Ltd., Shanghai, China). The standard, blank and sample wells were set. Then, 50 µl standard samples were accurately loaded, and the sample well was added with 40 µl of sample diluent and then 10 µl of sample to be detected and mixed evenly. The plate was sealed with sealing membrane, followed by incubation at 37°C for 1 h. The sealing membrane was uncovered. The solution was discarded and the plate was dried. Each well was filled with 100 µl washing solution. The sealing membrane was covered and the washing solution was discarded after 30 sec. The above procedure was repeated 5 times, and the plate was dried. The standard well and sample well were added with 100 µl ELISA reagent. Color developing agents A (60 µl) and B (60 µl) were added into each well and mixed evenly, and the sealing membrane was covered, followed by color development in the dark at 37°C for 30 min. Then 50 µl stop buffer was added into each well to terminate the reaction. The optical density (OD) of each well was immediately detected at a wavelength of 450 nm by using a microplate reader (BioTek Instruments, Inc., Winooski, VT, USA), and the concentrations of serum IL-4, IL-10 and APN were calculated.

### Statistical analysis

SPSS 17.4 \[AsiaAnalytics (formerly SPSS China)\] software system was used for statistical analysis. The basic enumeration data of patients were expressed as percentage \[n (%)\], and Chi-square test was performed. IL-4, IL-10 and APN levels were expressed as mean ± standard deviation. t-test was adopted for the comparison of differences between the two groups at different time-points, and F analysis was used for the expression difference among different types of infection. The correlation of IL-4, IL-10 and APN levels with the stage of colorectal cancer in patients with postoperative infection of colorectal cancer was analyzed via Spearmans correlation analysis. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Changes in expression levels of serum IL-4, IL-10 and APN in both groups

There were no differences in the expression levels of IL-4, IL-10 and APN between the two groups before surgery (P\>0.05). The expression levels of IL-4 and IL-10 in the infection group were significantly higher than those in the non-infection group at day 3 after surgery (P\<0.05), and they were higher in both groups after surgery than those before surgery (P\<0.05), but the changes in the expression levels in the infection group were more significant than those in the non-infection group. There was no difference in the expression level of APN between the two groups before surgery (P\>0.05). The expression level of APN in the infection group was lower than that in the non-infection group at day 3 after surgery (P\<0.05), and it was lower in both groups after surgery than that before surgery (P\<0.05), but the change in the expression level was more significant in the infection group than that in the non-infection group ([Table II](#tII-ol-0-0-9798){ref-type="table"}).

### Expression levels of serum IL-4, IL-10 and APN in different types of infection

The serum IL-4 level in pulmonary infection was higher than that in incision infection and abdominal infection (P\<0.05), and it was also higher in abdominal infection than that in incision infection, displaying no statistically significant difference (P\>0.05). The serum IL-10 level in pulmonary infection was higher than that in incision infection and abdominal infection, showing statistically significant differences (P\<0.05), and it was also higher in abdominal infection than that in incision infection without a statistically significant difference (P\>0.05). The serum APN level in pulmonary infection was lower than that in incision infection and abdominal infection, showing statistically significant differences (P\<0.05), and it was also lower in abdominal infection than that in incision infection without a statistically significant difference (P\>0.05; [Table III](#tIII-ol-0-0-9798){ref-type="table"}).

### Correlation of serum IL-4, IL-10 and APN with stage of colorectal cancer in patients in infection group

The IL-4 and IL-10 levels in patients with colorectal cancer in the infection group at day 3 after surgery had a significant positive correlation with the stage of colorectal cancer (r=0.9357, P\<0.001) (r=0.9717, P\<0.001; [Figs. 1](#f1-ol-0-0-9798){ref-type="fig"} and [2](#f2-ol-0-0-9798){ref-type="fig"}), and the APN level in patients with colorectal cancer in the infection group at day 3 after surgery had a significant negative correlation with the stage of colorectal cancer (r=−0.9736, P\<0.001; [Fig. 3](#f3-ol-0-0-9798){ref-type="fig"}).

Discussion
==========

The large intestine functions to absorb the liquid in the food debris and to make the food debris feces, which is an important component of the digestive system and the lower part of the digestive tract ([@b10-ol-0-0-9798]). At the same time, the large intestine also secretes mucin, so that the feces can be excreted easily and the intestinal wall can be protected from the mechanical damage ([@b11-ol-0-0-9798]). Colorectal cancer is divided into colon cancer and rectal cancer. There are no obvious symptoms in the early stage of colorectal cancer, and it has developed into advanced colorectal cancer if the lesion metastasizes to the stomach, liver and extra-territorial lymph nodes ([@b12-ol-0-0-9798],[@b13-ol-0-0-9798]). The position of colorectal cancer is low, so it can be diagnosed via digital rectal examination and colonoscopy. However, the large intestine is located deep in the pelvic cavity, so surgery is difficult and incomplete, and the postoperative recurrence rate and infection rate are extremely high ([@b14-ol-0-0-9798]). After radical surgery for colorectal cancer, pulmonary infection can occur in patients due to malnutrition, hypoproteinemia and anemia, abdominal infection can also be caused by increased abdominal pressure formed due to special functions of the large intestine, and there are various abdominal fats and the incision is prone to effusion, thus leading to incision infection ([@b15-ol-0-0-9798]--[@b17-ol-0-0-9798]).

After infection, the tissues in the patient\'s body will be stimulated by pain, trauma and stress, thereby releasing a large number of inflammatory factors. Both IL-4 and IL-10 are anti-inflammatory factors, which can exert an immunomodulatory effect in the large intestine through stimulating B cells, mastocytes, macrophages and T cells ([@b18-ol-0-0-9798]). IL-4 and IL-10 can inhibit the secretion of TNF, IL-1 and IL-6 and promote the body\'s immune response through downregulating inflammatory mediators ([@b19-ol-0-0-9798]). In the post-operative infection of patients with colorectal cancer, the activation process of Th1 and Th2 cells can be delayed under the combined action of IL-4 and IL-10, thereby enhancing the Th-type response and improving the body repair ([@b20-ol-0-0-9798]). APN, anti-inflammatory factor, is consumed due to the aggravation of inflammation in patients with postoperative infection of colorectal cancer, leading to significant decline in APN in the body. At the same time, the low-level APN can accelerate the occurrence of inflammatory response ([@b21-ol-0-0-9798]).

This study revealed that there were no differences in the expression levels of IL-4, IL-10 and APN between the two groups before surgery (P\>0.05). The expression levels of IL-4 and IL-10 in the infection group were significantly higher than those in the non-infection group at day 3 after surgery (P\<0.05), and they were higher in both groups after surgery than those before surgery (P\<0.05), but the changes in expression levels in the infection group were more significant than those in the non-infection group. The expression level of APN in the infection group was lower than that in the non-infection group at day 3 after surgery (P\<0.05), and it was lower in both groups after surgery than that before surgery (P\<0.05), but the change in the expression level was more significant in the infection group than that in the non-infection group. The levels of anti-inflammatory factors IL-4 and IL-10 in the infection group were higher than those in the non-infection group, indicating that in the progression of postoperative infection of colorectal cancer, the anti-inflammatory effect of the patient\'s body is enhanced, and the decline in APN can strengthen the anti-inflammatory effect. The serum IL-4 level in pulmonary infection was higher than that in incision infection and abdominal infection (P\<0.05), and it was also higher in abdominal infection than that in incision infection (P\>0.05). The serum IL-10 level in pulmonary infection was higher than that in incision infection and abdominal infection (P\<0.05), and it was also higher in abdominal infection than that in incision infection (P\>0.05). The serum APN level in pulmonary infection was lower than that in incision infection and abdominal infection (P\<0.05), and it was also lower in abdominal infection than that in incision infection (P\>0.05). The expression levels of anti-inflammatory factors were different among different types of infections. Moreover, the IL-4 and IL-10 levels in patients with colorectal cancer in the infection group at day 3 after surgery had a significant positive correlation with the stage of colorectal cancer, and the APN level in patients with colorectal cancer in the infection group at day 3 after surgery had a significant negative correlation with the stage of colorectal cancer. It is reported ([@b22-ol-0-0-9798]) that the body immunity of patients with advanced colorectal cancer is poorer than that of patients with early colorectal cancer, which are consistent with the results in this study, and the expression levels of IL-4 and IL-10 in patients with advanced colorectal cancer were higher than those in patients with early colorectal cancer, while the expression level of APN was lower than that in patients with early colorectal cancer.

In this study, the sample size was small due to the limited medical resources in Xiangyang No. 1 People\'s Hospital Affiliated to Hubei University of Medicine, so there might be a certain contingency in the results. In the future, subjects in this study will be followed up for survey for a longer time, to obtain optimal results.

In conclusion, the serum IL-4, IL-10 and APN levels have a certain correlation with the presence or absence of postoperative infection of colorectal cancer, the type of infection and the stage of colorectal cancer, which are worthy of clinical promotion.
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###### 

Basic data of 159 patients receiving radical surgery for colorectal cancer \[n (%)\].

  Parameters                 Infection group (n=67)   Non-infection group (n=92)   χ^2^    P-value
  -------------------------- ------------------------ ---------------------------- ------- ---------
  Sex                                                                              0.004   0.951
    Male                     39 (58.21)               54 (58.70)                           
    Female                   28 (41.79)               38 (41.30)                           
  Age (years)                                                                      0.070   0.791
    \<30                     27 (40.30)               39 (42.39)                           
    ≥30                      40 (59.70)               53 (57.61)                           
  Smoking                                                                          0.222   0.637
    Yes                      42 (62.69)               61 (66.30)                           
    No                       25 (37.31)               31 (33.70)                           
  Dietary habit                                                                    2.390   0.122
    Low fiber                19 (28.36)               37 (40.22)                           
    High fiber               48 (71.64)               55 (59.78)                           
  Intestinal obstruction                                                           0.164   0.686
    Yes                      50 (74.63)               66 (71.74)                           
    No                       17 (25.37)               26 (28.26)                           
  Surgical mode                                                                    0.258   0.611
    Laparoscopic surgery     42 (62.69)               54 (58.70)                           
    Traditional laparotomy   25 (37.31)               38 (41.30)                           
  Type of tumor                                                                    0.421   0.810
    Right hemicolon cancer   15 (22.39)               21 (22.83)                           
    Left hemicolon cancer    19 (28.36)               22 (23.91)                           
    Rectal cancer            33(49.25)                49 (53.26)                           
  Pathological stage                                                               0.272   0.965
    Stage I                  17 (25.37)               23 (25.00)                           
    Stage II                 19 (28.36)               26 (28.26)                           
    Stage III                24 (35.82)               31 (33.70)                           
    Stage IV                   7 (10.45)              12 (13.04)                           
  Type of infection                                                                −       −
    Incision infection       39 (58.21)               −                                    
    Abdominal infection      15 (22.39)               −                                    
    Pulmonary infection      13 (19.40)               −                                    

###### 

Changes in expression levels of serum IL-4, IL-10 and APN.

                               IL-4 (pg/l)    IL-10 (ng/l)                                                APN (pg/l)                                                                                
  ---------------------------- -------------- ----------------------------------------------------------- -------------- ----------------------------------------------------------- -------------- -----------------------------------------------------------
  Infection group (n=67)       162.78±13.76   357.64±16.48^[a](#tfn1-ol-0-0-9798){ref-type="table-fn"}^   153.67±29.78   219.41±52.97^[a](#tfn1-ol-0-0-9798){ref-type="table-fn"}^   146.50±37.53   107.26±26.61^[a](#tfn1-ol-0-0-9798){ref-type="table-fn"}^
  Non-infection group (n=92)   159.43±12.84   216.73±13.51^[a](#tfn1-ol-0-0-9798){ref-type="table-fn"}^   154.91±28.56   174.43±37.65^[a](#tfn1-ol-0-0-9798){ref-type="table-fn"}^   145.92±36.26   129.12±29.68^[a](#tfn1-ol-0-0-9798){ref-type="table-fn"}^
  t                            0.117          59.16                                                       0.791            6.261                                                     0.922            4.787
  P-value                      1.576            \<0.001                                                   0.266          \<0.001                                                     0.098          \<0.001

Statistically significant difference compared with that before surgery (P\<0.05). IL, interleukin; APN, adiponectin.

###### 

Changes in expression levels of serum IL-4, IL-10 and APN in different types of infection.

  Items          Incision infection (n=39)   Abdominal infection (n=15)   Pulmonary infection (n=13)                                  F       P-value
  -------------- --------------------------- ---------------------------- ----------------------------------------------------------- ------- ---------
  IL-4 (pg/l)    327.84±24.51                344.52±21.46                 355.75±28.54^[a](#tfn2-ol-0-0-9798){ref-type="table-fn"}^   7.122   0.002
  IL-10 (ng/l)   197.55±48.72                209.24±52.63                 225.61±49.25                                                1.605   0.209
  APN (pg/l)     135.61±27.64                126.91±23.97                 108.24±24.39^[a](#tfn2-ol-0-0-9798){ref-type="table-fn"}^   5.315   0.007

Statistically significant difference compared with that in incision infection (P\<0.05). IL, interleukin; APN, adiponectin.
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